The main control practice of Leifsonia xyli subsp. xyli (Lxx) in sugarcane is to heat-treat cane 15 cuttings used as planting material in an attempt to eradicate the bacterium. A real time 16 quantitative PCR (qPCR) protocol specific for Lxx was developed to assess the effectiveness of 17 this practice. Primers were designed from the sequence of an Lxx-specific gene and detected as 18 were collected from plant canes with low bacterial titers whereas in the second they were 22 collected from first-ratoon canes with higher titers. Lxx was quantified in leaves by qPCR 90 23 *Manuscript Click here to view linked References 2 days after planting. Lxx was detected at variable titers in 50 to 90% of the plants, indicating that 24 the heat treatment was not effective in eradicating Lxx from all plants. However, in the second 25 experiment the bacterial population was reduced, as the median number of Lxx cells was lower 26 compared to the non-treated control. In the case of SP70-3370, the treatment also reduced the 27 number of Lxx-infected plants considering the pooled data of the two experiments. The results 28 indicated that although the heat treatment did not completely eliminate the bacterium, it can be 29 used to reduce the pathogen population in plants propagated from canes with high bacterial titers. 30
de Genética, 13418-900, Piracicaba, São Paulo, Brasil. 8
Introduction 34
The gram-positive and nutritionally fastidious bacterium Leifsonia xyli subsp. xyli (Lxx) 35 causes the ratoon stunting disease (RSD) of sugarcane, a worldwide disease that accounts for 36 substantial losses in biomass. In China, the United States, South Africa, Australia, and Brazil, for 37 example, biomass reductions of 60% (Li et al., 2013) , 33% (Grisham, 1991) 
, 41% (Bailey and 38
Bechet, 1995), 37% (Young et al., 2006) and 26% (Gagliardi and Camargo, 2009 ), respectively, 39 have been reported. The most evident symptom of RSD, as the name implies, is the impaired 40 development of the ratoon or stubble plants due to the reduction in the diameter of the stalks and 41
shortening of the internodes after successive cropping. 42
Because sugarcane ratoons are cropped several times, the prevalent mode of transmission 43 of Lxx in commercial fields is by contact with juices of infected plants that occur during 44 harvesting with machines and knives. Thus, as sugarcane is vegetatively propagated, the main 45 control measure of RSD is to establish healthy seed cane nurseries from in vitro cultured 46 5 because its sequence had no significant similarity to any other sequences available in GenBank 93
and is not present in the genome of Leifsonia xyli subsp. 
Effect of heat treatment of sugarcane cuttings on Lxx titers 139
Lxx-infected canes of the varieties SP80-3280 and SP70-3370 were harvested from a 140 single cane clump and four one-eyed cuttings were collected from the lower third of each one. The experiment consisted of four treatments (two varieties and two heat treatments) and 148 ten replicates represented by single plants arranged in a randomized design. The bacterium was 149 quantified by qPCR as described in 2.2 in the first leaf with visible dewlap 90 days after 150 transplanting using the defined optimal amount of plant DNA. The experiment was performed 151 twice in a greenhouse; in the first, the canes used as the sources of cuttings were harvested from 152 10 month-old plants (plant crop), whereas in the second the sources were from 8 month-old 153 plants of the first ratoon crop. Prior to establishing the experiments, random samples of 10 canes 154 were taken from each source and assayed for the quantity of Lxx by qPCR. In this case, vascular 155 fluid was extracted from the internode immediately above the point of collection of the cuttings 156 by positive pressure after attaching one end of the internode to a dairy teat cup shell coupled to a 157 vacuum-pump. The DNA was extracted from 500 uL of the fluid as described in 2.3. and 100 ng (E= 1.89 ± 0.10) of DNA did not differ, whereas with 200 ng the efficiency (E= 1.75 205 ± 0.10) was significantly lower (P=0.01) than in reactions with either 50 or 100 ng. Therefore, it 206 was concluded that the optimal amount of plant DNA to be used per reaction should be between 207 50 and 100 ng. 208
In addition to its sensitiveness, the qPCR offers the advantage over the serological 209 methods of not being destructive, since it uses leaves rather than juices from mature stalks. As 210 such, it can be employed to monitor bacterial population dynamics in sugarcane varieties in 211 response to environmental conditions thus addressing many aspects of the still poorly understood 212 interaction of Lxx with its host. 213 214
The heat treatment reduced the bacterial titers but did not eliminate the pathogen 215
In the present study, the qPCR protocol developed in this study was used to quantify Lxx 216 in leaf samples taken from heat treated and non treated plants. Prior to establishing the 217 experiments, however, the presence of the bacterium in the vascular fluid of the plant material 218 used as the sources of the cuttings was confirmed by qPCR. The median bacterial titers were 219 markedly lower in the plant crop canes used in the first experiment than in the ratoon crop canes 220 used in the second, which could be explained both by the different ages of the canes (plant versus 221 ratoon canes) and because they were harvested from different fields. In addition, plants of the 222 SP70-3370 variety held higher titers than the SP80-3280 in both cases (Table 1) . 223
Quantification of bacterial populations in plants of the heat treatment detected Lxx in 224
variable titers in 50 to 90% of the plants (Figure 1 ; Table 2 ), indicating that the 52 0 C/30 min 225 treatment was not effective in eradicating Lxx from all individual plants. However, the median 226 number of Lxx cells was lower in the heat treated plants compared to the non-treated ones (Table  227 2; Figure 1) . Comparisons of the frequency distributions between the heat and the control 228 treatments for both varieties using the Mann-Whitney test indicated that the heat treatment 229 reduced the bacterial population in both varieties (P=0.01) in the second experiment, where the 230 setts presumably had higher bacterial titers since they were collected from canes with higher 231 estimates of Lxx cells. 232
As the number of Lxx-infected and Lxx-free plants differed between treatments for each 233 variety (Table 2) , the chi-square contingency test on the pooled data of the two experiments was 234 used to test whether these differences were significant after the chi-square heterogeneity test varied from 0 to 30% according to the facility where the treatment was carried out (Damann Jr 251 and Benda, 1983) . Sources of variation most likely result from differences in the equipment used 252
at each facility and in responses of sugarcane genotypes (Damann Jr and Benda, 1983) . In 253 addition, the irregular distribution of Lxx within and between plants ( Davis et al., 1988) would 254 likely be another source of variation as this would reflect in variable bacterial densities in the 255 setts before treatment as reported in this study (Table 1) 
